The structure function ϕ of a binary monotone system is assumed to be known and given in a disjunctive normal form, i.e. as the logical union of products of the indicator variables of the states of its subsystems. Based on this representation of ϕ, an improved Abraham algorithm is proposed for generating the disjoint sum form of ϕ. This form is the base for subsequent numerical reliability calculations. The approach is generalized to multivalued systems. Examples are discussed.
INTRODUCTION
We deal with a basic problem of reliability theory, namely with finding and analyzing algorithms for calculating reliability criteria of systems based on reliability criteria of its elements (subsystems). Even in the simple case of binary monotone systems with independent elements, these algorithms generally have running times which increase exponentially fast with the complexity of the system [5] . Within that limitation it is, however, imperative to develop algorithms, which are relatively fast and applicable to a broad class of problems. The first step is to determine the structure function of the system. This paper requires the structure function to be known and given in a disjunctive normal form.
BINARY SYSTEMS
Let S be the system under consideration and e e e n 
Obviously, the concepts of (minimal) path vectors and (minimal) path sets are equivalent. For a thorough discussion of these concepts see, for instance, [7] and [15] . It is easy to see that the structure function of any binary monotone system with minimal path sets
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Since there are computer-aided methods for determining the minimal path sets of any binary monotone system, the disjunctive normal form of ϕ given by (2) is most widely used for generating disjoint sum forms of structure functions. A disjoint sum form of ϕ has structure 
This relationship shows the practical importance of a disjoint sum form (3): The system availability is simply given by
If the z i are independent random variables, i.e. the elements operate independently from each Most popular is the algorithm of Abraham [2] . It has formed the basis for substantially improved versions yielding disjoint sum forms of lower complexity than the original version of Abraham [7] , [8] , [9] , [14] . The probably most efficient algorithm not based on Abraham's one, is due to Torrey [22] . For surveys, see [21] , [23] .
The following version of Abraham's algorithm is based on an algorithm given in [7] . To describe the algorithm, some further notation is needed. Let M be the set of all possible products of some z i and z j . The principle of the algorithm consists in replacing each A k in (2) with a sum of disjoint products
L consists of mutual disjoint products from M . Thus, the set M ϕ can be identified with the structure function ϕ.
where
The process starts for each k = 2, 3, …, w at j = 1 and stops 
Algorithm 1 1
Order the A j according to the number of their factors. 
If C A B C C C j c
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Select another B.
6
If j k < −1, then j j ← +1 and go to 4.
7
Expand M ϕ by adding M k k −1, . Algorithm 1 is not applicable to generating disjoint sum forms of non-monotone structure functions. However, there are technical systems, whose reliability behaviour can only be described by non-monotone structure functions. Examples are given in [7] . Moreover, the problem of generating disjoint sum forms from disjunctive normal forms also arises in 
MULTIVALUED SYSTEMS
To assume that the system S and its elements e e e n 
Usually, the elements of the Z i are real numbers. Otherwise, a total order in the set Z Z Z 1 2 ∪ ∪ ∪ L n must be given (see, for instance, [1, 11, 19] ). In these papers it is generally assumed that the state spaces Z s and Z i are identical or r s = 2 and r i > 2 . Multivalued systems with nondenumerable state spaces are, for instance, considered in [6] . Here a partial generalization of these models is dealt with: The state spaces Z Z Z Z s n , , ,..., 1 2 need not be identical (although this can be assumed without loss of generality) and the structure function ϕ need not be nondecreasing. However, as in the previous section, the state z s of the system can only assume values 0 or 1, i.e. Z s = { , } 0 1 (system is not available, is available).
To be able to present an algorithm for constructing a disjoint sum form of the structure l q l q l q l q { } Hence, the system availability becomes
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